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(57) ABSTRACT 

The present invention provides a touch input device for use 
in a vehicle such as an automobile. The touch input device 
includes a capacitive touch sensor that is disposed under 
neath a surface of the vehicle’s interior that is accessible and 
touchable by an occupant of the vehicle. The touch sensor is 
con?gured so that a touch to a designated area of the surface 
activates the touch sensor by capacitive coupling betWeen 
the touch implement and the touch sensor through the 
surface. The signals generated can be used to control or 
otherWise interact With displays and other electronic systems 
in the vehicle. The touch sensor can be constructed using a 
Wide variety of substrate materials, including paper, cloth, 
plastic, and the object forming the touch surface. The touch 
surface can be provided by an airbag cover, and the touch 
sensor can be constructed to safely bloW apart upon airbag 
deployment. Methods of making a touch input device for use 
in a vehicle are also provided. 
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VEHICLE TOUCH INPUT DEVICE AND 
METHODS OF MAKING SAME 

[0001] This invention relates to touch input devices. In 
particular, the invention relates to touch input devices that 
may be incorporated into or disposed behind various sur 
faces accessible to an occupant of a vehicle. 

BACKGROUND 

[0002] Touch sensors have become an increasingly com 
mon Way for users to intuitively interact With electronic 
systems, typically those that include displays for vieWing 
information. Touch sensors include transparent touch panels 
that can be disposed over a display so that the display can be 
vieWed through it. Touch sensors also include touch pads 
that are positioned off a display, for eXample mouse pads 
such as those found on many laptop computers. 

[0003] Information displays are becoming more and more 
prevalent in cars and other vehicles. Heads up displays, 
navigation systems, entertainment systems, and the more 
conventional radio and dashboard displays are just some 
eXamples. Providing controls to interact With these various 
displays and other electronic systems in the vehicle can pose 
signi?cant challenges. A convenient location to place con 
trols in an automobile for access by the driver can be on the 
steering Wheel. HoWever, usable space on the steering Wheel 
can be limited, especially When considering the presence of 
an airbag. 

SUMMARY OF THE INVENTION 

[0004] One aspect of the present invention provides a 
touch input device for interacting With electronic systems in 
a vehicle. The device includes a capacitive touch sensor 
disposed behind a surface in the vehicle that is accessible 
and touchable by an occupant in the vehicle. The touch 
sensor is disposed in a manner such that the presence of the 
touch sensor maintains the look, feel, and functionality of 
the surface as if the touch sensor Was eXcluded. The touch 
sensor is con?gured so that a touch to a designated area of 
the surface alloWs capacitive coupling betWeen the touch 
and the touch sensor through the surface, the touch sensor 
being adapted for connecting to a controller capable of using 
signals generated by the capacitive coupling to interact With 
electronic systems of the vehicle. 

[0005] Another aspect of the present invention provides a 
touch input device for interacting With electronic systems in 
a vehicle that includes an airbag. The device includes an 
airbag cover having a surface accessible to and touchable by 
an occupant of the vehicle, and a capacitive touch sensor 
disposed betWeen the airbag and the airbag cover, the touch 
sensor con?gured so that a touch to a designated area of the 
surface alloWs capacitive coupling betWeen the touch and 
the touch sensor through the airbag cover. The touch sensor 
is adapted for connecting to a controller capable of using 
signals generated by the capacitive coupling to interact With 
electronic systems of the vehicle. 

[0006] Yet another aspect of the present invention pro 
vides methods of making touch input devices. In one 
embodiment, the present invention provides a method of 
making a touch-enabled airbag cover, including providing 
an airbag cover con?gured for enclosing an airbag in a 
vehicle and for providing a ?nished surface, and disposing 
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a capacitive touch sensor on a back surface of the airbag 
cover opposing the ?nished surface, the touch sensor con 
?gured so that a touch to a designated area of the ?nished 
surface alloWs capacitive coupling betWeen the touch and 
the touch sensor through the airbag cover, the touch sensor 
adapted for connecting to a controller capable of using 
signals generated by the capacitive coupling to interact With 
electronic systems of the vehicle. 

[0007] The above summary of the present invention is not 
intended to describe each disclosed embodiment or every 
implementation of the present invention. The Figures and 
the detailed description that folloW more particularly eXem 
plify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments of the invention in connection With the 
accompanying draWings, in Which: 

[0009] FIG. 1 schematically shoWs a touch sensor dis 
posed behind a surface in a vehicle; 

[0010] FIG. 2A schematically shoWs a steering Wheel 
having an airbag cover and incorporating touch sensors; 

[0011] FIG. 2B schematically shoWs a cross-sectional 
vieW of the steering Wheel depicted in FIG. 2A; 

[0012] FIG. 3A schematically shoWs a portion of a dash 
board incorporating touch sensors; 

[0013] FIG. 3B schematically shoWs an armrest in a 
vehicle incorporating a touch sensor; 

[0014] FIG. 4A schematically shoWs a portion of a sur 
face having a designated area identi?ed by a relief pattern, 
the designated area indicating the position of a touch sensor 
disposed under the surface; 

[0015] FIG. 4B schematically shoWs a side vieW of the 
surface shoWn in FIG. 4A taken along line B-B; 

[0016] FIG. 5A schematically shoWs a portion of a sur 
face having a designated area identi?ed by a relief pattern, 
the designated area indicating the position of a touch sensor 
disposed under the surface; and 

[0017] FIG. 5B schematically shoWs a side vieW of the 
surface shoWn in FIG. 5A taken along line B-B. 

[0018] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of eXample in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention. 

DETAILED DESCRIPTION 

[0019] The present invention relates to the use of capaci 
tive touch sensors activatable by touching a vehicle surface 
accessible to an occupant in order to control or otherWise 
interact With various electronic systems in the vehicle. 
Disposing one or more touch sensors under one or more 

surfaces in a vehicle can be a convenient Way to alloW 
control of multiple functions in the vehicle Without using 
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excessive space or requiring signi?cant recon?guration of 
the space in the vehicle as currently used. Touch sensors of 
the present invention can be made using materials as varied 
as paper, plastic and cloth depending on the desired 
attributes. Using such ?exible materials as touch sensor 
substrates can alloW the touch sensor to take on almost any 
shape, siZe, or contour to meet the needs of the ?nal 
application. In a particular embodiment, the present inven 
tion provides a touch sensor constructed using a Woven or 
non-Woven fabric that may be particularly suited for use in 
areas Where it is desirable for the touch surface to remain 
soft or pliant to the touch. 

[0020] The present invention also provides methods of 
constructing and attaching touch sensors to the vehicle touch 
surfaces, such methods including adhering or laminating the 
touch sensor to the under side of the touch surface, molding 
the sensor into injection molded parts, constructing the 
sensor directly on or into the object that provides the touch 
surface, and other such methods. According to the present 
invention, capacitive touch sensors can be disposed behind 
or incorporated into the surface of an airbag cover, a steering 
Wheel, a dashboard, a seat armrest, a center console or any 
other suitable surface of an automobile or other vehicle for 
use in interacting With the electronics systems. 

[0021] As automotive telematics systems become more 
prevalent, and as more systems combine multiple informa 
tion displays, a more convenient Way of interacting With the 
information being displayed Will be needed. For safety and 
stylistic reasons, automotive designers may choose to utiliZe 
touch input devices other than on-display touch systems 
(i.e., a touch panel disposed over a display so that the display 
can be vieWed through the touch panel). 

[0022] Off-display touch systems require a certain amount 
of “real estate” Within the vehicle to be dedicated to the 
touch function. This real estate may be on one of the surfaces 
of the dashboard, as is traditional, or it could be placed in a 
number of other locations Within the automobile such as 
betWeen the driver and passenger seats, in the arm rests, in 
the seats, on the dashboard broW, in a visor, on one of the 
door panels, or the like. Desirably, the touch function may 
be Within an easy arm’s reach of the driver, though some 
interfaces may be shared betWeen driver and passenger, and 
some interfaces may be dedicated to passengers and not 
available to the driver. Advantageously, the present inven 
tion provides off-display capacitive touch sensors that can be 
embedded in or otherWise disposed behind surfaces that are 
currently provided in automobile or other vehicle interiors 
so that touching designated areas of such surfaces can 
activate the touch function. In addition, the present invention 
can provide such touch sensors in such as Way so that current 
uses of those surfaces are not disrupted. For example, a 
touch sensor can be embedded in, or printed on, or laminated 
to the back of an airbag cover Without disrupting the safe 
split apart function of the airbag cover upon airbag deploy 
ment. As another example, touch sensors can be disposed 
behind surfaces as varied as dashboards, steering Wheels, 
seat covers, arm rests, and the like that incorporate materials 
as varied as plastics, leather, cloth, and the like Without 
disturbing the desired look and feel of such objects and 
materials. 

[0023] In automobiles, a preferred implementation of a 
general control input system includes placing at least some 
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controls on the steering Wheel for easy access by the driver. 
Currently, traditional button devices are provided on the 
steering Wheel of many automobiles (e. g., for cruise control, 
radio controls, etc.). Such devices tend to be single function 
devices in that each button performs one task. For example, 
the stereo volume control on the steering Wheel performs 
only the volume control function, and it cannot be placed in 
a different state Where it might control some other function 
such as the fan speed of the HVAC system. Generally, these 
single function buttons are molded from hard plastic Within 
easy reach of the driver’s hand While grasping the steering 
Wheel. Molded buttons can be expensive in that they require 
engineering resources to design, tools to be made, and 
Wiring harnesses to be accommodated. This interaction 
model also provides very limited expandability and design 
?exibility because the only Way to add more functionality to 
the steering Wheel is to add more molded buttons to the 
Wheel. 

[0024] The airbag and the airbag cover take up the bulk of 
the space on a steering Wheel. The replaceable airbag unit is 
hidden by a cover typically constructed of molded pliable 
plastic, or plastic covered With leather, Which can either split 
apart in one of several patterns or ?y up out of the Way as 
a single panel (though remaining attached to the Wheel When 
the air bag is deployed). Currently, the surfaces of the airbag 
cover are not used for any type of input device other than as 
part of the horn system due to the difficulty of putting any 
physical structures betWeen the airbag unit and the cover 
itself that Will not interfere With the deployment of the 
airbag. Additionally, any device adhered to the airbag cover 
has the possibility of being projected toWard the driver or 
passenger during the airbags deployment, Which is a safety 
concern. The present invention provides a Way to include a 
touch sensor for interacting With displayed information and 
controls systems in a vehicle in a manner that provides 
?exibility of design, expandability of function, and use of 
real estate Without disrupting current functions and While 
maintaining safety. 

[0025] FIG. 1 shoWs a portion of a surface 100 that is 
accessible to an occupant of a vehicle. Occupants can 
include drivers and pilots as Well as passengers. Vehicles can 
include automobiles, airplanes, trains, boats, and the like. 
The surface 100 may be the surface of an airbag cover, the 
surface of a steering Wheel, the surface of a dashboard, the 
surface of a center console or armrest, the surface of a seat 
or ceiling liner, or the like. A touch sensor 110 is disposed 
behind the surface 100 such that a touch to surface 100 in a 
designated area can activate the touch sensor 110. Activating 
the touch sensor 110 can generate signals that can be used by 
controller electronics 120 to communicate information 
related to the touch input to electronic systems of the 
vehicle. Touch sensor 110 can be connected to controller 120 
using a Wiring harness 122 or any such suitable electrical 
connector. 

[0026] Touch sensor 110 can be a capacitive touch sensor 
capable of being activated by capacitively coupling With a 
conductive touch object such as a user’s ?nger. Because the 
touch is applied to surface 100, the touch sensor can be 
con?gured to capacitively couple With the applied touch 
through surface 100 and any other layers or materials 
disposed betWeen surface 100 and touch sensor 110. For 
example, When surface 100 is the surface of an airbag cover, 
touch sensor 110 can be disposed on the back surface of the 
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airbag cover to capacitively couple With applied touches 
through the thickness of the airbag cover. Capacitive touch 
sensors capable of detecting touches through relatively thick 
dielectric layers are knoWn as projected capacitive touch 
sensors. Exemplary capacitive touch sensors that may be 
useful in the present invention for sensing touches through 
a surface accessible to an occupant of a vehicle include those 

disclosed in US. Pat. Nos. 4,103,252; 4,659,874; 4,755,634; 
4,778,951; 4,999,462; 5,386,219; 5,650,597; 5,844,506; 
6,188,391; 6,297,811; and 6,492,979, and International Pub 
lications WO 92/08947, WO 96/15464, WO 01/27868, WO 
01/52416, and WO 02/100074, Which are all Wholly incor 
porated into this document. 

[0027] In exemplary embodiments, one or more touch 
sensors can be incorporated into a steering Wheel so that a 
touch to a designated portion of the steering Wheel, such as 
an included airbag cover, can be used to interact With 
electronic systems in the vehicle. FIG. 2A shoWs an 
example of a steering Wheel 200 that includes an airbag 
cover 260 and incorporates various touch sensors including 
discrete button sensor 220 positioned on one of the spokes 
of the steering Wheel, quadrant segmented rocker pad sensor 
210 positioned on another of the spokes of the steering 
Wheel, x-y sensor pad 230 positioned behind airbag cover 
260, and scroll bar sensor 240 shoWn to be partially covered 
by airbag cover 260. Each of touch sensors 210, 220, 230, 
and 240 have active areas de?ning Where a touch can be 
applied to the surface of the steering Wheel and/or airbag 
cover to activate the respective touch sensor. These active 
areas can be designated by graphics, relief patterns, or 
otherWise to give the user visual and/or tactile indicia for 
locating the sensors, for indicating the function(s) controlled 
by the sensors, or for indicating hoW to use the sensors. 

[0028] As shoWn in FIGS. 2A and 2B, discrete button 
sensor 220 is positioned on a spoke of the steering Wheel and 
underneath the outer surface of the steering Wheel. Discrete 
button sensor 220 is located for convenient access Without 
requiring the driver to remove his or her hands from the 
steering Wheel. Button sensor 220 measures the capacitive 
coupling With a conductive touch object, such as the driver’s 
?nger or thumb, as it approaches the designated portion of 
the surface of the steering Wheel. As With other capacitive 
sensors, capacitive coupling can be measured by measuring 
current that ?oWs through the completed circuit that includes 
the conductive touch implement and the conductive sensing 
elements of the sensor. At a predetermined or calibrated 
level of capacitive coupling, the button can be considered 
“pressed,” alloWing a “button doWn” signal to be sent. When 
the measured capacitive coupling falls beloW the threshold, 
a “button up” signal can be sent. In this Way, a user can 
interact With the button sensor in a manner analogous to 
interaction With a mechanical button. A discrete button 
sensor can use any suitable conductor as its sensing element, 
such as a conductive foil covering the designated area, a 
conductive ink or other such material printed or coated to 
cover the designated area, a series of Wires or conductive 
traces disposed to cover the designated area, or the like. 
Exemplary sensors that can be used as discrete button 
sensors in the present invention include those disclosed in 
International Publication W0 96/ 15464. 

[0029] As shoWn in FIGS. 2A and 2B, a quadrant seg 
mented sensor 210 can be positioned on a spoke of the 
steering Wheel and disposed under the exterior surface of the 
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steering Wheel. As With discrete button 220, segmented 
sensor 210 can be located for easy access by the driver’s 
thumb, for example, Without requiring removing a grasp of 
the steering Wheel. As shoWn, quadrant segmented sensor 
210 utiliZes four discrete conductive elements shaped as 
quarter circles Within one circular-shaped sensor. By placing 
a ?nger or thumb in the designated area over sensor 210, the 
action of rocking the ?nger or thumb in any direction results 
in a change in capacitive coupling in at least one of the 
segments. This change can be measured to determine the 
direction and magnitude of the movement, Which in turn can 
be translated into cursor movement or other instructions to 
a display or other electronic equipment in the vehicle. 
Exemplary quadrant segmented sensors include those dis 
closed in US. Pat. No. 4,755,634. 

[0030] As shoWn in FIGS. 2A and 2B, x-y sensor pad 230 
can be centrally located on the steering Wheel, for example 
under an airbag cover 260. Airbag cover 260 is con?gured 
to split apart upon deployment of the airbag, for example 
along break lines 250. Although x-y sensor pad 230 is shoWn 
to be entirely contained betWeen break lines, sensors can 
also be disposed to overlap break lines. In such a case, the 
sensor can be adapted to split along the overlapped break 
lines, as is described in further detail in discussions that 
folloW. 

[0031] Suitable x-y sensor pads include x-y grid sensor 
pads. X-y grid sensors can include tWo sets of mutually 
orthogonal conductive lines, for example sets of conductive 
lines that are horiZontal and vertical With respect to the user. 
By monitoring capacitive coupling, it can be determined 
Which conductive lines are closest to the applied touch, thus 
giving location of the touch Within the designated area. 
Interpolation methods can be used to further re?ne touch 
location determination. The conductive lines can be Wires, 
conductive traces, or the like. Exemplary x-y grid sensors 
include those disclosed in US. Pat. Nos. 6,188,391; 5,844, 
506; and 5,386,219, as Well as International Publications 
WO 01/27868, WO 02/100074, and WO 01/52416. 

[0032] Near Field Imaging sensors such as disclosed in 
US. Pat. No. 5,650,597 can also be used as x-y sensor pads. 
Near Field Imaging sensors can utiliZe a series of parallel 
sensor bars. Touch position in one direction can be deter 
mined by measuring Which bars are experiencing the stron 
gest capacitive coupling. Touch position in the other direc 
tion can be determined using ratio metric techniques that 
compare the current ?oWing through each end of a sensor 
bar to detect touch position along that bar. Other projected 
capacitive sensors capable of determining x-y touch position 
can be used, such as those disclosed in US. Pat. Nos. 
6,297,811 and 6,492,979. 
[0033] Referring back to FIGS. 2A and 2B, scroll bar 
sensor 240 can be positioned in a convenient location of the 
steering Wheel, for example to one side in the hub of the 
steering Wheel. As indicated in FIG. 2A, sensor 240 may be 
positioned so that it is disposed partially under the airbag 
cover 260 and partially under the outer surface of the 
steering Wheel adjacent to the airbag cover. Other arrange 
ments are also possible; including positioning sensor 240 
entirely under the airbag cover 260, or entirely under a 
surface of the steering Wheel outside of the airbag cover 
area. 

[0034] Scroll bar sensor 240 can be constructed as an 
analog slider sensor or as a set of suitably arranged discrete 
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sensor pads. There are several constructions possible for 
analog slider sensors depending on desired attributes and 
decoding electronics. An analog slider sensor measures the 
movement of a touch input from one end of the sensor to 
another. This can be achieved by measuring the ratio metric 
change in resistance from one end of the sensor to the other, 
for example as is disclosed for determining the touch 
position along an individual conductive bar in a Near Field 
Imaging touch sensor as disclosed in US. Pat. No. 5,650, 
597. This can also be achieved by measuring the capacitive 
effect on each of tWo nested, elongated triangular sensor 
elements, for example a single pair of the triangular sensor 
bars used in the touch sensors disclosed in US. Pat. Nos. 
4,659,874 and 4,999,462. In such an arrangement Where the 
apex of each triangle extends to the base of the other, a 
change in the ratio of capacitive coupling to each triangle as 
a touch slides across the long axis of the sensor indicates the 
direction of the slide. Touch position can also be determined 
from this information. 

[0035] A scroll bar sensor can also be constructed as a 
combination of multiple discrete sensors arranged in close 
proximity in a linear array, along an arc, or in any other 
desired path. As a touch input is sWiped along the path of the 
discrete sensors, a series of touch doWn and lift off events 
occur successively for each of the discrete sensors in the 
sWipe path. The direction that these touch events are occur 
ring along the path gives the direction of the movement, and 
the rate at Which successive events occur gives an indication 
of the speed of the sWipe movement. Such information can 
be used to control the scrolling of information on a display, 
the volume of a radio or speaker phone, the temperature 
setting of a heating/cooling system, the speed of a bloWer 
fan, the position of an occupant’s seat, the radio channel 
frequency, or the like. For example, the direction of sWipe 
can be used to control up or doWn adjustments, and the speed 
of sWipe can be used for faster and sloWer scrolling, or for 
coarse and ?ne control. Exemplary sensors that can be used 
as a multiple discrete sensor scroll bar include those dis 
closed in US. Pat. Nos. 5,650,597 and 4,755,634. 

[0036] These and other various sensor types, along With 
their sensing elements, can be constructed to have any 
desired shape or siZe for inclusion in a vehicle, and can be 
constructed of various materials that alloW the sensors to be 
conformed to any desired contour. 

[0037] Sensors suitable for use in the present invention 
can be constructed from a Wide variety of materials selected 
for attributes desired in the ?nal application. Conventionally, 
capacitive sensors are constructed by disposing the conduc 
tive sensing element(s) on an electrically insulating sub 
strate. The substrate can provide mechanical support, and 
depending on con?guration, capacitive coupling With a 
touch implement can occur through the substrate With the 
substrate or some additional layer or material providing the 
touch surface, or through one or more other layers disposed 
on the side of the conductive sensing element(s) opposing 
the substrate that provide the touch surface. 

[0038] The sensor substrate can be constructed of any 
suitable non-conductive material. Flexible materials may be 
Well suited in embodiments Where the touch sensors are 
incorporated into objects that include some amount of 
surface curvature, as are often encountered in vehicle sur 

faces such as steering Wheels, airbag covers, dashboards, 
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and so forth. Using ?exible substrate materials can alloW the 
sensors to be conformed to a curved surface. When the touch 
sensors of the present invention are con?gured and arranged 
to be sensed through an airbag cover, it may be desirable to 
use substrate materials that can be easily split or bloWn apart 
upon deployment of the airbag Without producing unsafe 
projectiles. Perforations in or scoring of the substrate or 
other elements of the touch sensor can be used to aid this 
process. Exemplary substrate materials that may ful?ll one 
or more of these attributes include paper, cloth, plastic ?lms. 

[0039] Papers useable as sensor substrates range from 
tissue to ?berboard. Sensing conductors can be printed onto 
the paper substrate using various conductive inks and con 
ventional printing processes. Depending on the type of inks 
and the printing method used, coated paper stock may be 
required. Paper substrates are potentially very inexpensive 
and conducive to ripping or tearing, both of Which attributes 
may be advantageous in airbag cover sensor applications. 

[0040] Constructing a sensor onto or into cloth alloWs for 
the creation of a sensor that is malleable after construction 
and that can retain the look and feel of the cloth used. Such 
a sensor might be used under the upholstery of an armrest, 
in a visor, or in the seat itself. In each of these locations the 
desired touching surface tends to be soft and pliable, such 
that these locations Would not lend themselves to hard 
sensors (e.g., those constructed on glass or rigid plastic). A 
variety of natural and synthetic cloths could be used as 
sensor substrates such as cottons, nylons and blends, all of 
Which may provide different sets of characteristics. Non 
Woven materials can also be used as cloth substrates for 
sensors according to the present invention. Non-Woven 
cloths include those made from bloWn micro?bers as Well as 
stitch bonded materials. 

[0041] The sensing conductors can be printed onto the 
cloth, or can be Woven directly into the cloth, for example 
using a thin Wire or conductive ?lament. Depending on the 
cloth used, a dielectric sealant might be needed to ensure 
that printed conductive inks do not undesirably bleed 
through the cloth and make contact With a shield layer that 
may be provided on the back side of the sensor. In some 
embodiments, tWo layers of cloth may be used to construct 
the sensor, each layer including a conductive material. In 
such a construction one layer could be used as the sensing 
layer and the other as a shielding layer. A third layer could 
be used betWeen them as an insulating layer. Cloth sensors 
could also be embroidered using commercially available 
embroidery equipment commonly used to create logos on 
T-shirt and baseball caps. This equipment along With con 
ductive thread could be used to create conductive areas on 
the cloth and/or Wire traces for electrical connection With a 
Wiring harness or control electronics. 

[0042] A myriad of plastic ?lms can be used as substrates 
to construct sensors for the present invention, including 
polyesters, polycarbonates, polyimides, and many others. 
Each of these materials has vastly different processing 
capabilities and ?nal sensor attributes. Polyester can be 
printed With a number of different types of conductive inks 
to create a sensor, the processes used for printing such inks 
being commonly knoWn. LikeWise, polyimide can be used 
as a base substrate for printed sensor constructions or as a 

base material for ?ex circuit constructions, both being Well 
de?ned processes. 
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[0043] Because the sensors of the present invention are 
disposed behind surfaces in a vehicle that are generally 
opaque, the choice of substrate material is not constrained by 
optical characteristics, as is often the case With on-display 
touch sensors. This increases the available substrate mate 
rials, Which can be chosen for their mechanical or other 
properties. 
[0044] Avariety of conductive inks are commonly used in 
the construction of touch sensors. The choice of a suitable 
ink is a function of the properties of the substrate material as 
Well as the process used to print the ink. Conductive inks 
such as those available from Acheson Industries under the 
trade designations 479SS or 461SS are commonly used With 
polyester substrates, but such inks or similar formulations 
could also be used With polyimide, cloth, paper, and other 
substrates to construct conductive areas and traces. 

[0045] Regardless of the base material used, conductive 
traces or Wires can be disposed to run from the sensing 
conductors so that the sensor can be connected to the 
controller electronics. There are a variety of Ways to achieve 
this interconnection. The interconnection can be made using 
a commercially available connector that is disposed on the 
substrate. Controller electronics can then be plugged into the 
connector. Depending on the materials and construction 
methods used, the interconnect can be made betWeen the 
traces on the sensor and a ?eX circuit tail, or from the traces 
on the sensor directly to the controller electronics. 

[0046] As discussed, touch sensors can be located on the 
steering Wheel or in any other location in a vehicle that is 
accessible to an occupant. For eXample, FIG. 3A shoWs a 
section of a dashboard cover 300 that encloses touch sensors 
310 and 330, Which are activatable by touching the surface 
of the dashboard 300 in designated areas. As another 
eXample, FIG. 3B shoWs a vehicle door 350 that includes an 
armrest 360 that incorporates a touch sensor 370 activatable 
by touching the surface of the armrest in a designated area. 
Other possible touch sensor locations Within the scope of the 
present invention Will be readily apparent from these and 
other eXamples described herein. 

[0047] The present invention contemplates that capacitive 
touch sensors are located so that they can be activated by 
touching designated areas of vehicle surfaces that are acces 
sible to vehicle occupants. As such, the touch sensors are 
generally not visibly apparent, nor are the touch sensors 
apparent by touch. It may be desirable, then, to mark the 
designated sensor areas by visible and/or tactile markings or 
other indicia on the surface covering the touch sensors. For 
eXample, graphics, characters, or other symbols can be 
printed, embossed, molded, decal transferred, or disposed in 
any other suitable manner on the surface in the designated 
area. Alternatively or additionally, a relief pattern can be 
printed, embossed, decal transferred, or disposed in any 
other suitable manner on the surface in the designated area 
so that a user can discern from tactile senses Whether the 

designated area is being touched. In embodiments Where 
multiple touch sensors are used, the graphics or tactile 
patterns can be differentiated for each touch sensor to help 
the user discern each touch sensor and/or to help the user 
understand hoW to interact With a particular touch sensor. 
Tactile markings can be positive (raised), negative 
(indented), or a combination of the tWo. 

[0048] FIG. 4A shoWs a portion of a vehicle surface 402 
that covers a discrete button touch sensor (not shoWn). The 
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designated area for activating the touch sensor is indicated 
by a raised pattern of concentric circles 401, forming a sort 
of bull’s-eye. FIG. 4B shoWs a side vieW taken along line 
B-B of FIG. 4A. The raised pattern gives the user tactile 
feedback to help locate the button sensor. Also, the bull’s 
eye pattern may intuitively indicate to the user that the 
sensor is a button sensor. FIG. 5A shoWs a portion of a 
vehicle surface 502 that covers an X-y sensor pad (not 
shoWn). The designated area for interacting With the X-y 
sensor pad is indicated by a raised pattern of orthogonal lines 
501, forming an X-y grid. The raised pattern gives the user 
tactile feedback to help locate the X-y sensor and to help the 
user gauge distance as the applied touch is moved across the 
sensor. Also, the grid pattern may intuitively indicate to the 
user that the sensor is an X-y sensor. 

[0049] Sensors of the present invention can be disposed 
behind or embedded in surfaces in a vehicle in a number of 
Ways. Sensors constructed on substrates can be laminated or 
otherWise adhered to the back of the object that forms the 
surface to be sensed through. Sensors constructed on sub 
strates can be laminated or otherWise adhered or disposed on 
a surface onto Which the object that forms the surface to be 
sensed through is to be placed. It is also possible to dispose 
the sensor so that it is integral With the object that forms the 
surface to be sensed through. For eXample, When the object 
is a molded part, the sensor can be molded directly into the 
object. When the object is a fabric, the sensor can be Woven 
directly into the fabric. It is also possible to use the object 
that forms the surface to be sensed through as the substrate 
for the sensor. For eXample, sensing electronics can be 
formed onto a decal layer and then transferred from the decal 
layer to a surface of the object opposing the surface to be 
sensed through. Publication US 2001/0032698, Which is 
Wholly incorporated into this document, discloses decal 
methods that can be used to transfer sensing electronics. 

[0050] The present invention should not be considered 
limited to the particular examples described above, but 
rather should be understood to cover all aspects of the 
invention as fairly set out in the attached claims. Various 
modi?cations, equivalent processes, as Well as numerous 
structures to Which the present invention may be applicable 
Will be readily apparent to those of skill in the art to Which 
the present invention is directed upon revieW of the instant 
speci?cation. 
What is claimed is: 

1. A touch input device for interacting With electronic 
systems in a vehicle that includes an airbag, comprising: 

an airbag cover having a surface accessible to and touch 
able by an occupant of the vehicle; and 

a capacitive touch sensor disposed betWeen the airbag and 
the airbag cover, the touch sensor con?gured so that a 
touch to a designated area of the surface of the airbag 
cover alloWs capacitive coupling betWeen the touch and 
the touch sensor through the airbag cover, the touch 
sensor adapted for connecting to a controller capable of 
using signals generated by the capacitive coupling to 
interact With electronic systems of the vehicle. 

2. The touch input device of claim 1, Wherein the vehicle 
is an automobile. 

3. The touch input device of claim 1, Wherein the surface 
of the airbag cover comprises a relief pattern marking the 
designated area. 
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4. The touch input device of claim 1, wherein the airbag 
cover is on a steering Wheel. 

5. The touch input device of claim 4, Wherein the steering 
Wheel incorporates additional touch sensors. 

6. The touch input device of claim 1, Wherein the airbag 
cover is on a passenger side of the vehicle. 

7. The touch input device of claim 1, further comprising 
one or more additional capacitive touch sensors positioned 
betWeen the airbag and the airbag cover. 

8. The touch input device of claim 1, Wherein the capaci 
tive touch sensor is con?gured to safely bloW apart upon 
deployment of the airbag. 

9. The touch input device of claim 1, Wherein the capaci 
tive touch sensor is an X-y sensor. 

10. The touch input device of claim 1, Wherein the 
capacitive touch sensor is a quadrant segmented sensor. 

11. The touch input device of claim 1, Wherein the 
capacitive touch sensor is a scroll bar sensor. 

12. The touch input device of claim 1, Wherein the 
capacitive touch sensor comprises at least one discrete 
button. 

13. The touch input device of claim 1, Wherein the 
capacitive touch sensor comprises a substrate comprising 
paper. 

14. The touch input device of claim 1, Wherein the 
capacitive touch sensor comprises a substrate comprising 
cloth. 

15. The touch input device of claim 1, Wherein the 
capacitive touch sensor comprises a substrate comprising 
plastic. 

16. The touch input device of claim 1, Wherein the airbag 
cover provides a substrate for the capacitive touch sensor. 

17. The touch input device of claim 1, Wherein the 
electronics systems include radio controls. 

18. The touch input device of claim 1, Wherein the 
electronics systems include an electronic display. 

19. The touch input device of claim 18, Wherein the 
electronic display is a heads up display. 

20. The touch input device of claim 1, Wherein the 
electronics systems include a heating/cooling/bloWer sys 
tem. 

21. The touch input device of claim 1, Wherein the 
electronics systems include a navigational system. 

22. The touch input device of claim 1, Wherein the 
electronics systems include a hands-free phone. 

23. A method of making a touch-enabled airbag cover, 
comprising: 

providing an airbag cover con?gured for enclosing an 
airbag in a vehicle and for providing a ?nished surface; 
and 

disposing a capacitive touch sensor on a back surface of 
the airbag cover opposing the ?nished surface, the 
touch sensor con?gured so that a touch to a designated 
area of the ?nished surface alloWs capacitive coupling 
betWeen the touch and the touch sensor through the 
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airbag cover, the touch sensor adapted for connecting to 
a controller capable of using signals generated by the 
capacitive coupling to interact With electronic systems 
of the vehicle. 

24. The method of claim 23, Wherein the step of disposing 
a capacitive touch sensor on the back surface of the airbag 
cover comprises transferring conductors forming the touch 
sensor from a decal layer to the back surface of the airbag 
cover. 

25. The method of claim 23, Wherein the step of disposing 
a capacitive touch sensor on the back surface of the airbag 
cover comprises laminating the touch sensor to the back 
surface of the airbag cover. 

26. The method of claim 23, Wherein the step of disposing 
a capacitive touch sensor on the back surface of the airbag 
cover comprises disposing the touch sensor in a mold and 
injection molding the airbag cover using the mold so that the 
touch sensor is embedded in the back surface of the airbag 
cover. 

27. The method of claim 23, further comprising marking 
the designated area With a relief pattern that can be discerned 
by a user’s tactile senses. 

28. A touch input device for interacting With electronic 
systems in a vehicle, comprising: 

a capacitive touch sensor disposed behind a surface in the 
vehicle that is accessible and touchable by an occupant 
in the vehicle, the touch sensor disposed in a manner 
such that the presence of the touch sensor maintains the 
look, feel, and functionality of the surface as if the 
touch sensor Was excluded, 

Wherein the touch sensor is con?gured so that a touch to 
a designated area of the surface alloWs capacitive 
coupling betWeen the touch and the touch sensor 
through the surface, the touch sensor being adapted for 
connecting to a controller capable of using signals 
generated by the capacitive coupling to interact With 
electronic systems of the vehicle. 

29. The touch input device of claim 28, Wherein the 
surface is a surface of a steering Wheel. 

30. The touch input device of claim 28, Wherein the 
surface is a surface of a dashboard. 

31. The touch input device of claim 28, Wherein the 
surface is a surface of a visor. 

32. The touch input device of claim 28, Wherein the 
surface is a surface of a center console. 

33. The touch input device of claim 28, Wherein the 
surface is a surface of an arm rest. 

34. The touch input device of claim 28, Wherein the 
surface is a surface of a seat cover. 

35. The touch input device of claim 28, Wherein the 
designated area of surface is marked by a relief pattern 
discernable by a user’s tactile sense. 


